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(57) Abstract 

A composition which can bind heparin and promote cellular adhesion and neurite outgrowth is provided which con- 
sists essentially of a polypeptide of the formula: tyr-glu-lys-pro-gly-ser-pro-pro-arg-glu-val-val-pro-arg-pro-arg-pro-slv- 
vaLlys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg-lys-lys-thr-asp-glu-leu, lys-asn-asn-gin-lys-ser-glu-pro-leu^ile-elv-ara-lvs- 
Iys-thr leu-ile-gly-arg-lys-lys-thr, tyr-arg-val-arg-val-thr-pro-lys-glu-lys-thr-gly-pro-met-lys-glu, ser-pro-pro-arg-arg-ala- 
arg-val-thr, trp-gln-pro-pro-arg-ala-arg-ile, or mixtures thereof. Medical devices such as prosthetic implants, percutaneous 
devices and cell culture substrates coated with the polypeptide composition are also provided 
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POLYPEPTIDES WITH FIBRONECTIN ACTIVITY 

Cross Reference to Related Application 
This application is a continuation-in-part of 
5 U.S. patent application Serial No. 89,073, filed 
August 25, 1987. 

Grant Information 
The present invention was made with the 
10 support of Grant No. CA21463 from the National 
Institutes of Health. The Government has certain 
rights in the invention. 



20 



Background of the Invention 
15 The adhesion of mammalian cells to the extra- 

cellular matrix is of fundamental importance in regu- 
lating growth, adhesion, motility and the development 
of proper cellular phenotype. This has implications 
for normal development, wound healing, chronic inflam- 
matory diseases, and tumor metastasis. Evidence accu- 
mulated over the last several years suggests that the 
molecular basis for the adhesion of both normal and 
transformed cells is complex and probably involves 
several distinct cell surface molecules. Extracellular 
25. matrices consist of three types of macromolecules , 

collagens, proteoglycans and noncollagenous glycopro- 
teins. The extracellular matrix molecule which has 
been most intensively studied with regard to cell adhe- 
sion is the noncollagenous cell adhesion glycoprotein, 
fibronectin, which is present in plasma, cell matrices, 
basal lamina and on cell surfaces. The plasma form of 
fibronectin consists of a disulf ide-bonded 'dimer having 
a molecular weight of 450,000 daltons. The two subunit 
chains ("A" and "B"), each of about 220,000 daltons, 
35 are observed under reducing conditions. This form of 
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fibronectin will be referred to as "fibronectin" 
hereinafter. 

Fibronectin, as with other components of the 
extracellular matrix, has the ability to bind to 
itself, to other matrix constituents, and to the sur- 
face of cells, via discrete domains on the molecule. 
For example, fibronectin promotes the attachment of 
suspended .ells to collagen. C See L; T. Purcht, Modern 
Cell Bioloqy , B. Satir, ed., Alan R. Liss, Inc., 77~ 

10 Vol. I (1983) at pages 53-1171 Tho • 

Mages 5J-117J. The primary structure 

of one adhesion sequence within fibronectin was" origin- 
ally educed by M. D. Pierschbacher et al. using mono- 
clonal antibody data and direct sequence analysis. 
This sequence was found to be a tetrapeptide consisting 
15 of arginyl-glycyi-aspartyl-serlne (RGDS) ( M D 

Pierschbacher and E. Ruoslahti, PNA5 USA . 81, 5 985 
C1984)). Peptides containing .the' RGDS sequence are 
capable of directly promoting the adhesion of certain 

20 I I T*' hi9h 157815 ° f S ° luble RGDS Par- 
20 tially dxsrupt cell adhesion to intact fibronectin. 

Cell adhesion to the RGDS sequence in fibronectin is 
be leved to occur by the interaction of this seq,ence 
wit a cell surface glycoprotein complex termed 
mtegrin". 

" Despite the importance of the RGOs/integrin 

compiex in fibronectin mediated ceii adhesion, several 
lines of evidence point to the invdvement of addi- 
tional cellular receptors and different fibronectin 
eterminan.ts in this process. Many celi types form 
30 focal adhesions on intact fibronectin. These struc- 
tures represent regions of close apposition between the 
plasma membrane and the substratum. These sites also 
represent insertion points, for actin-rich stress 
fibers, and have been shown to contain several actin- 
associated cytoskeletal proteins. Focai adhesion sites 
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also contain several classes of cell surface molecules 
implicated in cell adhesion, including integrin, 
heparan sulfate, chondroitin sulfate, or other proteo- 
glycans and gangliosides. 

The action of multiple receptors for fibro- 
nectin has been implicated in adhesion plaque forma- 
tion, cells adherent to either RGDS-containing frag- 
ments or heparin-binding, adhesion promoting ligands 
(e.g., platelet factor 4 or heparin binding fragments 
of fibronectin) form only close contacts. In contrast, 
cells adherent on both RGDS-containing fragments and 
heparin-binding ligands display fully developed focal 
adhesions. Additionally, antibodies against heparin 
binding fragments of fibronectin inhibit focal adhesion 
formation, without drastically inhibiting the level of 
cell adhesion on intact fibronectin. Collectively, 
these results support a role of heparin-binding 
domain(s) of fibronectin in promoting normal and 
malignant cell adhesion, and in regulating phenotypic 
20 expression of cells. 

J. B. McCarthy et al., in j. Cell Biol .. i 02 t 
179 (1986) recently published results identifying a 33 
• KD carboxyl terminal heparin-binding fragment of fibro- 
nectin which promotes the adhesion and spreading of 
25 metastatic melanoma cells by an RGDS independent mech- 
anism. This fragment originates from the A chain of 
the fibronectin molecule. it binds heparan sulfate 
proteoglycan and also promotes the adhesion of neurons 
and the extension of neurites by these cells. 
30 Therefore, a need exists to isolate and 

characterize the subset of peptides within this 
fragment which are responsible for its wide range of 
biological activities. Such lower molecular weight 
oligopeptides would be expected to be more readily 
35 obtainable and to exhibit a narrower profile of biolo- 
gical activity than the 33 kD fragment, thus increasing 
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their potential usefulness as therapeutic or diagnostic 
agents. 

Brief Description nf the Inventinn 
The present invention provides biologically- 
actxve polypeptides which represent fragments of the 33 
kD carboxyl tarainal, heparin-binding region located on 
the A chain of fibronectin. Two of these polypeptides, 
whxch can be prepared in substantially pure form by 
conventional solid phase peptide synthesis, have the 
formulas * 

tyr-glu-lys-pro-gly-ser-pro-pro-arg-glu-val-val- 
pro-arg-pro-arg-pro-giy-val ^ 

and 



lys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg. 

lys-lys-thr-asp-glu-leu fTr , 
20 UU 

Polypeptide t formally represents isolated fibronectin 
rescues 1906-1924, whUe polypeptide I! formally 
■ represents isolated fibronectin residues 19«-i9« 
The single letter a.ino acid codes for these polypep- 
25 trdes are YEKP G SPPREVVPRP R p gv and KNNQKSEPLIGRKKTDEL 
respectively. L ' 

tin m P6 ? de / £XiStS ^ 311 iS0f0rms of ™*on.c- 

; t the first 15 residues ^ *w « 

exist m all isoforms, whereas the last three residues 
30 in peptide II are a part of a rpninn f . "sidues 

MelJ - L or a region of structural 
eterogeneity »hich occurs only in certain isofor.s in 

fibronectrn, thls reglon Qf structural „ Bt 
termed type III cs, can be up to 89 residues long. The 
35 33 k D hep.rxn-bl.ndln, fragment arises fro m A chains and 
includes part of this type rn cs sequence. 
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Recently, Humphries et al., j. Biol, chem .. 
262, 6886-6892 C1987), reported that the type III cs 
connecting segment of fibronectin has cell adhesion- 
promoting activity. Humphries et al. constructed over- 
lapping peptides which represented the entire type III 
cs sequence and tested these peptides for the ability 
to promote the adhesion and spreading of fibroblasts 
and melanoma. cells. The results of these studies indi- 
cated that the first 24 residues of this type III cs 
connecting sequence promoted melanoma cell adhesion and 
spreading. The sequence of the biologically active 
peptide, termed CS I, was asp-glu-leu-pro-gln-leu-val- 
thr-leu-pro-his-pro-asn-leu-his-gly- P ro-giu-ile-leu- 
asp-val-pro-ser-thr (DELPQLVTLPHPNLHGPEILDVPST) , and 
15 corresponds to residues 1961-1985. Thus, an overlap 
exists between the last three residues of peptide II 
and the first three residues of the CS I peptide 
reported by Humphries et al. However, the peptide 
reported by Humphries et al. differs chemically from 
20 either peptides I or II. CS I is more hydrophobic, and 
totally lacks lysine or arginine residues. The signif- 
icant chemical properties of each peptide are summar- 
ized on Table I, below» 

25 Table I 

Peotide Residue Nos . Hydropathy lnd Py NetCharae 



I 1906 - 1924 _24.3 

30 II 1946 - 1963 -32.5 

CS I 1961 - 1985 -9.9 



+2 



+2 



-4 
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The "hydropathy index" is calculated according 
to the method of Kyte and Doolittle, j. Mol. Biol .. 
157, 105-132 (19823. According to this method, the 
more (-) a value is, the more hydrophilic it is. Thus, 
the CS I peptide is much more hydrophobic than peptides 
I and II. 

The net charge of each peptide is calculated 
by assigning a (+1) charge to each lysine (K) and argi- 
nine (R) residue, and a (-1) charge to each glutamic 
acid (E) and aspartic acid. CD 3 residue. Additional 
residues are assumed to be uncharged. These charges 
would be expected under the conditions of heparin bind- 
ing and cell adhesion assays, which are performed near 
neutrality ( P H 6.8 to 7.4). The only other residue 
which could contribute significantly to total charge is 
histidine (H), which occurs twice in the CS I peptide 
but would be uncharged under the pH conditions of the 
assays used. 

Despite the difference in chemical properties 
20 between CS I and peptide II, experiments were carried 
out to determine whether or not the biological activity 
of peptide. II was related to the three-residue overlap 
with peptide CS I (residues +1961-1963, DEL). Thus, a 
polypeptide was synthesized which contained the first 
15 amino acid residues of polypeptide II. The formula 
of this polypeptide, Ha, is shown below, 

lys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly- 
arg-lys-lys-thr 

(Ha) 



25 



30 



The single letter amino acid code for this 
polypeptide is -KNNQKSEPLIGRKKT , which corresponds to 
residues 1946-1960. This peptide differs from 
35 peptide I in that a.) the total net charge is (+4) and 
the total hydropathy index is -29.3. 
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It was found that while Ha bound heparin in a 
concentration-dependent fashion, peptide CS I failed to 
bind to heparin at any concentration that was tested. 
Therefore, the biological activity of each peptide is 
due to distinct and unique structural determinants. 

The present invention is also directed to the 
biologically active peptide fragments of polypeptides 
I, II and Ha. For example, the present invention also 
provides three polypeptides which correspond to the 
amino terminal third (Ila-A), the central third 
CHa-B), and the carboxyl terminal third (Ila-C), 
sequences of peptide II. Specifically, these peptides 
have the sequences shown on Table II, below. 



15 



Name 



Table II 
Primary Sequence 



Net Charge 



20 



II(amino ) 
(Ha-A) 



KNNQKSEP 
(lys-asn-asn-gln- 
lys-ser-glu-pro] 



+1 



25 



II (central ) 
(Ila-B) 



IKcarboxyl ) 
(Ila-C) 



KSEPLIGR 
Uys-ser-glu-pro- 
leu-ile-gly-arg J 

LIGRKKT 
(leu-ile-gly-arg- 
lys-lys-thr) 



+1 



+3 



30 



35 



The present invention also provides three 
additional bioactive polypeptides, which also represent 
fragments of the 33 kD carboxyl terminal heparin- 
binding region located on the A chain of fibronectin. 
These polypeptides, in, iv and v, are structurally 
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distinct from each other and from peptides I and Ha, 
hoover, they do share certain chemical properties 
which are summarized on Table III, below. 



10" 



15 



20 



Table III 



Primary 
Peptide Structure 



III YRVRVTPKEKTGPMKE 
(tyr-arg-val-arg- 
val-thr-pro-lys- 
glu-lys-thr-gly- 
pro-met-lys-glu) 

IV SPPRRARVT 

(ser-pro-pro-arg- 

arg-ala-arg-val- 

thr) 



WQPPRARI 

(trp-gln-pro-pro- 
arg-ala-arg-ile) 



Residue Nos 



1721-1736 



1784-1792 



1892-1899 



Hydro- 
pathy 
Index 



-23.7 



Net 
Charge 



-12.2 +3 



-10.8 +2 



25 



30 



35 



Each peptide has an identical net charge, 
although each peptide derives its charge from different 
basic residues. Peptide III contains two arginine C R) 
residues and three lysine (K) residues. Peptides IV 
and V contain only arginine residues. Furthermore, the 
charges are clustered in peptides IV and V, whereas the 
positive charges in peptide III are raore dispersed . 
The dispersal of charge within peptide III is different 
from that in the other four heparin-binding peptides 
identified from this region to date. Peptide III is 
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more hydrophilic than either peptide IV or V, but less 
hydrophilic than peptides I or II. 

These synthetic polypeptides were assayed for 
bioactivity and found to exhibit at least one of the 
following properties, they (a) promote neurite exten- 
sion, (b) promote the adhesion and spreading of endo- 
thelial cells (c) promote the adhesion and spreading of 
•melanoma cells, and/or (d) promote the binding of 
heparin to a synthetic substratum. Therefore, it is 
believed that these polypeptides may be useful to (a) 
assist in nerve regeneration, (b) promote wound healing 
and implant acceptance, (c) promote cellular attachment 
to culture substrata, (d) inhibit the metastasis of 
malignant cells, and/or (e) bind excess heparin, a con- 
dition which can occur in vivo during heparin therapy. 
Due to the difference in the spectra of biological 
activities exhibited by the present polypeptides, mix- 
tures thereof are also within the scope of the inven- 
tion . 

Furthermore, since it is expected that further 
digestion/hydrolysis of polypeptides I, II, Ha and 
III-V, in vitro or in vivo, will yie i d f ragments of 
substantially equivalent bioactivity, such lower molec- 
ular weight polypeptides are considered to be within 
25 the scope of the present invention. 

Brief Descripti on of the Drawings 
Figure 1 is a schematic depiction of plasma 
fibronectin, indicating the relative location of RGDS 
and CS-I on the protein with respect to the heparin- 
binding peptides I-V of the present invention, which 
are located on the 33 kD carboxyl terminal heparin 
binding fragment of the A .chain. 

Figure 2 is a graph depicting the heparin 
binding activity of peptides I and II 0 f the invention 
(nitrocellulose binding assay). 



20 



30 



35 
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Figure 3 is a graph depicting the heparin 

heparin Jill"" * " * 9 " Ph dePlCtl "» the 
heparin-bmd.ng activity 0 f peptides Ha and CS I 

(Immulon c binding assay). 

hinn- F ! 9Ure * " 3 9 " Ph de " il: «"9 the heparin- 
n dlng actlviUes Qf pepUdes 

Clmmulon c binding assay). 

. J 19 "' 6 6 is a 9 ra Ph depicting the relative 
Clmmulon C binding assay). 

_ Figure 7 is a graph depicting the neurite 
extension promoted by peptide Ila. 

Figure 8 is a graph depicting the neurite 
extension promoted by peptide CS I. 

_ Figure 9 is a graph depicting, the neurite 
extension promoted by peptide III. 

Figure 10 is a graph depicting the relative 
-lanoma cell adhesion promoted by peptld „ IIa an 7 
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aminn " i9UrS U iS a "hematic representation of th« 
ammo acid sequence of the portinn „f * h 1 
nectin Macule which £ = > »« 

derived. pepciaes are formally 



Detailed Description nf the Tnv/on f ,_ 
Structure nf rj hyj:::::::Ua ■ 

disulf.de (-S-S-) bonded heterodircer Th„ !• „ • 
(I-VI) of fibronectin are labeled ^ I 

53 U7.) Bxologxcal activities within each domain 
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include, (1) weak heparin binding, (n) noncovalent 
collagen binding, (III) DNA binding, (iv) RGDS-mediated 
cell adhesion, shown as box CO), (v) heparin binding, 
RGDS independent cell adhesion, and (VI) free 
sulfhydryl. The molecular weight estimates of pro- 
teolytic fragments containing each domain are based on 
a previously described digestion and purification 
scheme. (J. B. McCarthy, J. Cell Biol .. iq 2 , 179 
(1986)). Proteolytic cleavage sites (X) are shown for 
trypsin (T) and Cathepsin 0 (C). By these schemes, 
domains V and VI isolated from digests of the B chain 
are located on a 66 kO fragment, in contrast, the A 
chain digests contain a 33 kD fragment (domain v) and a 
31 kO fragment (domain VI). The difference is a result 
15 of a trypsin sensitive site in the A-chain specific 
type IIIcs insert, shown as a bold line. 

Amino Terminal Sequence of the Trvotic/Catheotic 66 kD 
and 33 kD He parin-BindinQ Fragments and Carboxvl 
20 Terminal Trvotic 31 k D Free-Sul f hvdrvl Containinn 
Fragment . 

The entire primary structure of fibronectin 
has either been determined directly (T. E. Peterson et 
al., PNAS USA, 80, 137 (1983)) or has been predicted 
25 from recombinant DNA technology. (j. E . Schwarzbauer 
et al., Cell, 135, A21 (1983)). The amino terminal 
sequences of tryptic/catheptic (t/c) 33 kD, t/c66 kD, 
and tryptic (t) 31 kD fragments were established by 
direct amino acid sequencing on an Applied Biosystems 
30 gas phase sequenator (Model A70A), in order to deter- 
mine the exact location of these fragments with respect 
to the known human sequence. 

The first 21 amino acids which were determined 
for the t/c66 heparin binding fragment (Figure 11, 
35 underlined residues which begin in line 1 and continue 
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i" "ne 2). This fragment starts with the amino acid 
alanine which corresoonds (•„ ,= „-.< . 

"^responds to residue 1583 on intact 

Plasma fibronectin (A r it n *«h,,>.n t 

*■ 1755 (198511 TK K ° rnbllhtt et al., EM BO J ., 

. 1755 U985)). The presence of tyrosine to the amino 
rminal side of this alanine in intact fibronecti 
n s unt with a preference of Cathepsin o for 
on nvolving aromatic residues. The sequence o the 
t/c« fragment does not contain the EOHI insert, sine 
the sequence proceeds' from a threonine at residue 
number 1599 (double asterisks followed by a slash at 
the end of line 1) to an alanine at residue U90 (first 
residue, line 2). This lack of the EDUI region 

arac eristic feature which distinguishes plasma- or 
liver-derived fibronectin from cellular, or fibroblast 
15 derived fibronectin. norooiast 

terminal IT ^ Shar " a ™i"° 



10 



'J-ayinent (.figure 11 

line 1), beginning with alanine at position 1583, and 
i a so lacks the EDXXI domain. These resuUs in 
20 trate that the amino terminal sequences of these 

thTth?s are ;? tl0a1 ' aM SUPP ° rt the 

that the size heterogeneity of the t/c33 and t /cM 

heparin binding fragments results from the action of 
trypsin within the type Ilir* i«* *. a 
25 plasma fibronectin. ° f the A ^ of 

Localization of the 33 kD heparin binding 
fragment within the A chain of plasma fi hPnft . 
eS H h ,,. hflH l ai. Plasma fibronectin was 

established by determining th» aminn f a ■ , 
of the first 9! flM . • terminal sequence 

the nrst 21 amino acids of a tryptic 31 kn 
30 fragment. This fragment, which is ri J 

Purification of 33 and 6 k " P™*"** during the 
M , . 0 and 66 kD heparin binding fraqments 

ontains a free sulfhydryl and orginates from the car 
boxyl erminal end of the A chain 0 f plasma fibr n 
tin. See D. E. Smith and L. T . Furchf i a- , 
» ^ «« (1982,. Purthermore, the^kO^r^nfato 
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originates fro* . subset of fIbronectln 

W». r». to the 33 kO heparin binding fragment of 
fibronectin. 

_ The amino terminal end of the t31 fragment 
begins at histidine residue 2040, underlined, line 5 of 
Figure ii. This is consistent with the known specific- 
ities of trypsin, since the residue to the amino ter- 
«in.l side of this histidine is an arginine. This 
sequence is present in the type IIlcs insert which 
occurs in a subset of fibronectin molecules. This 
fragment contains 9 additional amino acids from the 
type nics insert, skips the last 31 amino acids of 
this insert (Figure 11, line 5, parentheses), then con- 
tinues as a type III homology (Figure 11, line 6 
underlined) until the tyrosine at residue 2062 where 
the current sequence information ends. These results 
demonstrate that the t31 fragment contains a portion 
(the first 89 amino acids) of the maximum possible 120 
residue type Hies inserted sequence, in agreement with 
previously established sequence data for this region of 
Plasma fibronectin. The sequence information indicates 
the maximum possible carboxyl terminal limit of the 
t/c33 heparin binding fragment at arginine residue 

2039, within the type Hies incorf r c - 

iiics ins ert (Figure 11, line 5). 



Synthesis of PoWneo tides The polypeptides of the 
invention were synthesized using the Merrifield solid 
Phase method. This is the method most commonly used 

30 byVTt Sy T SSiS ' U iS ^^vely bribed 
30 by j M . Stewart and j. 0 . Young in Solid Phase Pm m, 

f 9 y " thesl8 -> Pierce Chenncal Company, p7b., Rockford, 
C 2d ed. f we*), the disclosure of which is incorpor- 
ated by reference herein. 

The Merrifield of peptide synthesis 

35 uses a 1* crosslinked polystyrene resin functionalized 
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with benzyl chloride groups. The hal „ hen 
reacted with the salt „f = ■. »nen 

, Salt of a Protected amino acid will 

for. an ester, linking it covalently to the resin Th 
enmoxy-caroonyl CB 0C) group is uled t r \ h " 
5 free amino group of the amino acid th- * 

.roup is amoved „ lth M tri f Lc Z " "°? • 

i?l°: M :?r cdcm) - n ° ™> - - P ln 

10 the" ? The " eXt S0C -^«e a a.in„ acid is 

•Old by the use of dicyclohexyUarbodiimide (DCC). 
Side ch ai n functional groups of the amino acids are 

15 IT!' re P etltl ^ "actions can be auto 

15 mated, and the peptides of the present invention we e 

Following synthesis of a blocked polypen tlde 
20 on the resin, the polypeptide resin" is treated w h 
an ydrous hy.drofluoric acid (HF) to cleave the 
ester nnkage to the resin and thus to release th. I 
Polypeptide. The benzyl-derived side chi n 0 act nT 
groups are also removed by the HF tr.=f t protectln S 
25 peptide is then extracted from Z tlS ^ nt - The <"^- 
aoetic acid, followed , ™ J; 5 '"' » Si "» ^ « • 
Lyophilized crud p I" ° f ^ 6Xt " Ct - 

^ a rr e hi9h perf ° r * an < : "™ 1 " by 

(HPL-C3 by reverse phase technique on a r ,„ , 
30 tvoical pi llMnn a C-la column. a 

typical elution gradient is o% to en* a ^ 

0.1% TF« in h 2 o. flbsorbancs of ne II a " 

^ 220 nm, and fractions are collect! , ? 

Characterization of " / ' ^P"""-- 

k • Purified polvDeotidPc; 

b -y am ^° acid analysis. The ffolvnpnf . H ^P^s 

5 anaerobically for 2, CHc^C I 
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HCl (constant boiling) or in * N methanesulfonic acid 
"hen cysteine or tryptophane are present. The hydro-' 
lyzed amino acids are separated by ion exchange chroma- 
tography using a Beckman System 6300 amino acid 
analyzer using citrate buffers supplied by Beckman. 
Quantitation is by absorbance at 440 and 570 nm, and 
comparison with standard curves. The polypeptides may 
be further characterized by sequence determination. 

10 tides' 0 "" 15 eSPeCl3lly ^ f « linger polypep- 
ides, .here amino acid composition data are inherently 
less informative. Sequence determination is carried 
out by sequential Edman degradation from the amino ter- 
minus, automated on a Model 470A gas-phase sequenator 
(Applied Biosystems, Inc.), by the methodology of R. M 

» «t 31., 3- Biol. ChPm 25,, 7?go U9 l V lh 

The invention will be further described by 
reference to the following detailed examples. 

. E *amole I. Heparin. Rindino Assay 

20 „ , The aSSay for he " ari " "naing utilizes nitro- 
cellulose sheets as substrata to bind peptides or pro- 
teins to be tested- for heparin binding activity 
Peptides I and II or intact fibronectin (, n j „ ers solu . 
lized in 50 mM (N „ 4 , 2 co 3 and ailutga tg th% 
25 tratlons indicated in r lgures 2 ana 3 . Mltrocellul 

sheets which had been presoaked in 50 mM N h 4C 0 3 ,e e ' 
. Placed in a 96 well dot blot apparatus (Bethesda 
Research Laboratories, Bethesda, MD) , and 250 ul of 

30 Ihrn 10 ^ " n " ntratl0nS ° f PePt " e »» s ««Pl"t.d 

30 through the wells. Each well was then washed three 

times with binding buffer (io mH Tris-HCl, pH 8.0, 0.15 
« Na 1), and the filters were removed and allowed to 
air rv overnight. The filters were then equil ibriatea 
for 5 minutes at room temperature in binding buffer 
35 which contained 10 m M CaCl 2 . 'H-heparin was then 
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buffer (withca ), and nitrooeUul.se sheets were 
.nested in the presence of this mixture for 2 hours 

5 buffer, and air dried. The individual spots of samples 
«». cut out of the nitrocellulose and hound hep 
«. qu.ntit.fd „ith a liquid scintillation counter. 

hi Polypeptides I and tt 

10 The results show that peptide II bou nd 'H-heparin in . 
concentration dependent manner (Figure 2). m con- 

HTr\ H ' h T lL " b ° Und P °° rly t0 0eptide 1 «t any con- 
c ntration tested. The lowest concentration of peptide 
I which promoted ^-heparin binding was 0 . 25 „ ' 
15 with a saturation of binding observed at higher coating 
concentrations (0.25 - 0.5 x 10-2 H) . similarly 9 
fibronectin also bound 'H-heparin in a concentration 
depenoent manner, .ith maximum binding observed at 10-6 
M fibronectin (Figure 3). 

20 

B. Poly peptides Ha and ns t 

An additional lysine residue was added at the 
carboxyl terminus of CS I in order to facilitate 

25 :zt of this peptids to ^ — — - ^ 

Both peptides Ila and CS I were then compared ' 
tor relatrve heparin-binding activity. Plastic 
I.-ulon C plates (Oynatech, Alexandria, VA) were 
adsorbed with 100 ul (in tripiicate, of th. indicated 
30 levels of peptides Ha, CS I or BSA as described Te 
irty o the 33 k 0 fragment to bind heparin was 
termed for comparison, although due to the rel 
ti . size of this fragment compared with the pept s 
different coating concentrations were used. he act a! 
35 costing levels of the 33 kD fragment were 4, 20, 
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and 500 U g/ml. Following the blocking of nonspecific 
binding sites with BSA, the ability of these various 
substrata to bind 3 H-heparin was determined by the 
addition of approximately 4,000 disintegrations per 
5 minute (dpm) of this ligand. All conditions of the 
assay were as described in U.S. patent application 
Serial No. 89,073, the disclosure of which is incorpor- 
ated by reference herein. 

As shown in Figure 4, peptide Ii a retained the 
10 ability to bind ^-heparin in a concentration dependent 
fashion, m contrast, peptide CS I failed to bind 
heparin at any concentration tested, indicating that 
the heparin-binding activity ascribed to peptide II 
does not involve the area of structural overlap with 
15 CS I. 



20 



25 



30 



35 



^ — Polypeptid es Ila-A. ii a -B and TTa-r 

The three peptides derived from peptide li a 
and intact peptide Iia, were adsorbed to Immulon C 
plates at the indicated concentrations (100 ul/well) in 
triplicate and tested for the ability to bind 3 H- 
heparin as described hereinabove. The results of this 
study are summarized on Figure 5. As demonstrated by 
these data, peptide Ila-A. exhibits extremely poor 
heparin-binding activity, peptide Ila-B exhibits 
slightly higher heparin activity at high coating con- 
centrations, whereas peptide Ila-C exhibits extremely 
high heparin-binding activity, even when used at very 
low coating concentrations. m fact, peptide Ila-C 
binds heparin much better than does the parent peptide 
(peptide Iia), despite the fact that the net charge on 
peptide Ila-C is ( +3 ) whereas the net charge on peptide 
Iia is C+4). This demonstrates that net charge per se 
is not the only primary consideration for the heparin- 
binding activities observed in synthetic peptides 
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15 



20 



25 



30 



derived from fibronectin. Rather, a specific primary 
structure is crucial for this activity, m the case of 
peptide Ila, (KNNQKSEPLIGRKKT) the heparin-binding 
activity can be localized to the carboxyl terminal 
third of this peptide (corresponding to the sequence 
LIGRKKT, peptide Ila-C). Furthermore, at least one of 
the two lysine residues in this peptide is important 
for heparin-binding activity, since peptide II- 
Ccentral), which contains an arginine, binds heparin 
nuch more weakly than peptide Il(carboxyl), which con . 
tains the same arginine and two additional lysines. 

D. Po lypeptides III-v 

Peptides I, na and Iii-v were adsorbed at the 
indicated concentrations ClOO ul/well), in triplicate 
to Immulon C plates as described hereinabove. Peptides 
III-V bind 3 H-heparin substantially in the solid phase 
heparin-binding assay, as shown in Figure 6, and pep- 
tides hi and IV bind heparin more strongly fcha n does 
peptide V. Importantly, peptide I, which did not bind 
heparin well in the nitrocellulose-binding assay, bound 
heparin well and specifically in the Immulon C binding 
assay. y 

The specificity of each peptide for heparin 
binding is indicated by the fact that the 50* inhibi- 
tion point of 3 H-heparin binding caused by dextran 
sulfate or chondroitin/dermatan sulfate is at a concen 
tration which is 1 to 3 orders of magnitude higher than 
that exhibited by heparin. These results are similar 
to those observed for intact fibronectin or for pep- 
tides I and n. 
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gxample 2. M »„r<f a n utorowt . h Qec ,„ 
Prepara tion of piaf.P<? 



10 



Peptides I, II, n a , IIIf CSI Qr f . bro _ 
nect ln were diluted in Voller's buffer (0.05 M Carbon- 
ate buffer, P H 9.6) and 100 pi of each concentration 
was d.pensed into 96 well tissue culture plates in 
triplicate. The plates were then placed in a sterile 
hood overnight to evaporate the buffer and to dry the 
peptides onto the plate. The following morning, 200- pi 
of Phosphate-buffered saline (PBS) containing 5 mg/ml 
bovxne serum albumin (PBS/8SA ) were added to each well 
and the plates were incubated for an additional 3 
hours. At that point, the PBS/BSA was aspirated and 
^ cells in the appropriate media were added to each well. 

? SOlation of Neurons and flcc , v for K|p „ ptfa Qut _ 

growth • " ~ " - 

Embryonic CNS nerve cell cultures »ere pre- 
pared by the method of Rogers et al., Oevel. Biol 98 
20 212-220 Cm,). Briefly, spinal cords^oTZd^' chl^ 
..bryo. were Isolated and their dorsal halves removed 
an p ace. In Ca~ Mg ~ frse (CHF) Hank , $ balanced 

olution for 10 minutes at 37 °c. Only the ventral per 
tions, containing predominant^ motor neurons, were 

C. The trypsin containing medium »as 
replaced with Ham's Fi 2 , buffered with ^ aM 

supplemented with 1M . fetal calf serum, and the cells 
W repeatedly pipetted to complete dissociation. The 
.inBl.-c.ll suspension ,„ pell , t , d by centrif „ 
rinsed with Ham's F12-HEPES plus serum, centrifuged ' 
and resuspended in Ham's F12 supplemented with sodium 
bicarbonate and glutamine (2 m M ), penicillin (loo 
U/ml), streptomycin (100 U/ml) and plated into weils 
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which had been prepared as described below in the pre- 
sence and absence 0 f the indicated concentrations of 
heparin. Cultures were incubated for 24 hours at 37°C 
in a humidified incubator in 5% C0 2 and then fixed in 
5 glutaraldehyde. The number of neurons with neurites 
was quantitated by randomly sam p ling 10 flelds with the 
aid of a dissecting microscope. 

C. Polypeptid es I and TT 

10 r kl rSSUltS ° f this assa y are summarized on 

Tables IV and V, below. 



15 



20 




Coating 
Cone . * 
I 
II 

Control fBSfll 



w .. u Number o f Neurons wil- h Neurites 

220;194** 75 
2 2 



25 



30 



* 500 uo /ml 



** Data represented ^ H„ Dlicats va1 ,, oe 



Table V - Dose Response of PenHrtP tt 



Coating Concentration 
of Peptide IT 

2 mg/ml 

1 mg/ml 
500 ug/ml 
250 yg/ml 
Background 



Number of Neurons* 
with Neurites 

39 1 70 

47;51 
47;32 
16;42 
8j8 



35 



* Data represented as duplicate values 
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These results indicate that peptide II is much 
more effective than peptide I at promoting neurite out- 
growth, and that the neurite promoting activity of pep- 
tide II is apparently related to the heparin-binding 
5. activity of this peptide. Thus, peptide II may be use- 
ful in providing a synthetic substratum to promote 
nerve growth in situations where nerve regeneration is 
desirable (e.g., in crush injuries). 

10 D - Polyp eptides Iia and CS t 

Further evidence for the- distinctive nature of 
peptides Ila and CS I was obtained by examining the 
growth of neurites exhibited by central and peripheral 
system embryonic chicken neurons when plated onto sub- 
15 strata coated with these peptides. 

Substrata were coated with loo u i of a 500 
yg/ml solution of the indicated peptides of with 5 
pg/ml of the 33 KO heparin-binding fragment of fioro- 
nectin as described hereinabove. Following the block 
ing of nonspecific sites with BSA, suspensions of 
either central nervous system (CNS) neurons isolated 
from the spinal cords of emoryonic chickens, or peri 
pheral nervous system (pns) neurons isolated from the 
dorsal root ganglia of em.bryonic chickens, were plated 
25 onto the various coated substrata. Data represent 
the average number of neurons expressing neurites in 
these culture, and represent the mean of triplicate 
cultures . 

As shown in Figures 7 and 3, both peptides 
were able to promote neurite extension by embryonic 
neurons. However, CNS neurons appeared to be prefer 
ably stimulated by peptide CS I, while peptide Ila 
appeared most effective at stimulating neurite exten- 
sion by peripheral neurons. Thus, we conclude that 
despite the three residue overlap between peptide ll 
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and peptide CS r, the biolcaicai activity of each pep . 

tide „ due to distinct and unique structural deter- 
minants . 

5 E - Peptide TTT 

Peptide III was examined for the ability to 
promote neurite outgrowth by embryonic chicken neurons 
ia vitro. As shown in Figure 9, peptides Ha and III 
showed distinct differences in the ability to promote 

10 naunte outgrowth PNS and CNS neurons. ' Both peptides 
Ila and III demonstrate neurite promoting activity in 
both populations of neurons, however, peptide III is 
far more capable of promoting neurite extension by CNS 
neurons, whereas peptide Ila appears more effective at 

15 promoting neurite extension by PNS neurons. 

_Exa-mole 3. Adhesion nf Endothelial Ppii.' 

— Is °lation of Bovine Anrt- ic E ndnthPif a i r„ M „ 

Bovine aortic endothelial cells were isolated 
according to the following protocol. Aortas were 
obtained from a local slaughterhouse, washed in cold 
Phosphate buffered saline (PBS) C 156 mM NaCl, 2.6 mM 
KC1, 15.2 mM Na 2 HP0 4 , pH 7.2) and processed within 2 
hours, crude collagenase- (CLS III, 125 . i45 units per 
dry weight, Cooper Biomedical) was used at 2 mg/ml 
in Dulbecco s modified Eagle's medium (OMEM) (GIBCO) 
The vessel was clamped at the distal end, fined with 
the collagenase-PBS solution and digestion was carried 
out for 10 minutes. The lumenal contents were har- 
vested, followed by the addition of fresh collagenase 
for two additional 10-minute periods. The enzye-c-11 
suspensions were added to an equal volume of OMEM con- 
taming 10% fetal bovine serum (FBS ) . to inhibit the 
enzyme and spun in a centrifuge at 400 x g for 10 
35 minutes. The resulting cell pellet was resuspended in 
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10 



15 



00 ug/ml of streptomycin and 100 ug /„l 0 f crude 
nbroUlast growth factor. Ce Us are cultured in 75 e.« 
f asks ln , hlmldlflad s>1 atmosphere at 37 , c _ 

Cultures were fed twice a wee, wit. the same medium and 
cells were used In assays when approximately 75* con- 
fluent, cells were identified as endothelial in nature 
by characteristic cobblestone morphology, contact inhi- 
bition of growth upon reaching confluency, and positive 

La oratories) [s. Schwartz, In vitro, U, ,« (ls78 J 
0 y endothelial cells, megakaryocytes and platelets 

re known to contain the factor vill.Mg. This method 
r inely g.ves a high yield of endotheliai cells with 
H le contention (less than 5*) by smooth muscle 
cells, pericytes or fibroblasts as judged Py phase 

• contrast microscopy as well a= h„ ,• 

Hy db weii as by immunostaining.- 

"° TtiC Endothelial On QHH esion AsSf)</ 

20 T , w Adhesion «s measured using 96 weli microtiter 
Plates adsorbed with fidronectin or P ep tides , and 
Cultures of calls which were 60-80. confluent were 
-.etabolically labeled overnight with the addition of 

25 the cin aCidS * ° n th6 da * ° f the assay, 

25 the cells were harvested by tryp S ini 2ation , the '\ n 

. was .nh.bited by the addition of seru., an the ' 

z: ed r e of this mixture - d ™ ed 

OMEM buffered wUh HEPES at p H 7.2. The adhesion 
medium also contained 5 mg/ral BSA . The cells were 

30 adjusted to a concentration of 3-4 x loVmi n 
of this cell suspension was added to the wells. The 
assay mixture was then incubated ,t 37«c for ,„ minu- 
tes At the end of the incubation, the wells were 
washed with warm PBS containing 10 mM Ca * + and th, 

35 adherent population was solubiiized with 0 [ S H \2 
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cnuinxn, U sodium dodecvl sulfate. The solublli 2 ed 

tion counter. Each determinate .„ d one in tripli- 
cate. The results of this study are summarized in 
Table VI, below. 



10 



Table VI . 

J^Mn^entran™ (Couff^H?^ 
Background 



403 



Peptide I 

40 ug/ml 1024 
15 400 pg/ml 

4000 ug/ml 
Peptide II . 

40 ug/ml 
400 ug/ml 
20 4000 pg/ml 

Fibronectin • 

5u9/ml 13,714 



1107 
981 

901 
1734 
14, 199 



effective than peptide I at pr„ m oting endothelial cell 
adhesion, in agreement «ith the results observed for 
neurons Thus, peptide „ m ay be usePul t „ " 

endothelial cell adhesion to artifice 
30 substrata. artificial or natural 

Example 4. Adhasin n of Cannpr r a n, 
Eolation of Metastatic Moi ano „ a ra11e 

Highly "^astatic melanoma cells, K1735M4 
35 were originally provided by Dr. I. j. Fidler Qf ' 
Houston, TX. When the cells were received, a large 
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25 



number of early passage cells were propagated and 
frozen in liquid nitrogen. The tumor cells are usually 
cultured in vitro for no longer than six weeks. 
Following this period, the cells are discarded and new 
' cells withdrawn from storage for use in further in 

vitro or in vivo experiments. This precaution is taken 
to minimize phenotypic drift that can occur as a result 
of continuous in vitro passage. The cells were cul- 
tured in Dulbecco's- Modified Eagle's Medium containing 
5% heat inactivated fetal calf serum. The cultures 
were grown -in 37°C incubators with a humidified 
atmosphere containing 5% C0 2 . Cells were subcultured 
twice weekly by releasing cells gently from the flask, 
using 0.05% trypsin and l mM EDTA. 

The melanoma cells were pulsed in the same 
fashion as the endothelial cells described hereinabove 
except that 2 yCi/ml ' 3 HTd(tritiated thymidine) was 
added to each culture instead of amino acids. The 
labeled cells were harvested as described for the 
•endothelial cells. The cell adhesion assay was iden- 
tical to that described hereinabove for the bovine 
aortic endothelial cell assay. 

1. Polvoeptides I and II . 

The results of this assay are summarized on 
Table VII, below. 



30 
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Table VII. Tumor Cell Adhesion * 
Coating Concentration 



Adherent Cells 
(Counts Per Minute! 



5 Background 
Peptide I 

40 ug/ml 
200 ug/ml 
1£ 3 400 ug/ml 

2000 ug/ml 
Peptide II 

40 ug/ml 
200 ug/ml 
15 400 ug/ml 

2000 ug/ml 
Fibronectin 

1 ug/ml 
10 ug/ml 
20 50 ug/ml 
100 ua/ml 



1400 



3900 
3500 
3000 
4000 

4600 
4700 
4300 
3900 

4700 
7900 
11,000 
9700 



* Measured one hour following the start of the assay, 



25 In contrast to the results obtained above using neurons 
and endothelial cells, peptides I and II are both 
capable of promoting the adhesion of melanoma cells 
This may suggest cell specific differences in the" adhe- 
sion of different cell types to this region of fibro- 

30 nectin. 



Zi Polypeptides II. n a and CS I 

Polypeptides II, n a and CS I were tested for 
the ability to promote the adhesion of melanoma cells. 
A comparison of the melanoma adhesion promoting activi 
ties is shown in Table VIII, below. 
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Table VIII 



Peptide 11(803 
Peptide 11(400) 
Peptide IIa(80) 



Percent Adhesion 
13.7 
11.3 



10 



6.4 

Peptide IIa(400) lfl : 



Peptide CS 1(80) 
15 Peptide CS 1(400) 

Bovine Serum Albumin 



71.7 
71.0 
3.5 



20 



25 



30 



35 



As demonstrated by the data on Table vill 
peptides II, Ha and CS r promoted the aohesion of' 
melanoma cells in culture. Importantly, the deletion 
of the DEL sequence from peptide II did not eliminate 
the ability of this peptide to promote cell adhesion 
Furthermore, the comparatively high level of melanoma 
adhesion-promoting activity in CS I indicates that the 
failure of the peptide to bind 'H-heparin was not due 
to a lack of peptide on the substratum (si nce identical 
coating protocols were used for both the cell adhesion 
and heparin-binding assays). 

It is clear that peptides Ha and CS I bind 
melanoma cells through distinct mechanisms The 
heparin-binding activity of Ii a strongly suggests that 
adhesion of melanoma cells to this peptide is related 
to the heparin-binding properties of the peptide. 
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T ese results are consistent with an ability of pe p tide 
la to interact with cell surface proteoglycans 
glycosaminoglycans on melanoma cells (which have 
heparin-like qualities), m contrast, peptide CS I 
5 apparently promotes adhesion of tumor cells by a 
heparin independent mechanism. Thus, while melanoma 
cells adhere to both CS I and peptide n a , the biologi- 
cal activity of each peptide is distinctive. 

10 3. Peptide ttt 

Peptide III was examined for the ability to 
promote melanoma cell adhesion and spreading, as des- 
cribed hereinabove. 

^ As shown in Figure 10, peptide III ls actlve 

at promoting meianoma ceU adheslon Jn _ CQncen 
de endent fashion. , In fact , pepUde ni ^ ^ 
active as peptide Ila at the highest concentration 
tested, suggesting that it couid have a higher affinity 
than peptide Ila for the surface of cells. 
•0 Thrs result is consistent with the. greater ability „f 
low concentrations of peptide in to bind ■ H -h.p.rtn 
when compared to peptide n a . 

A number of practical applications for these 
polyp.pt des can be envisioned. Such applications 
elude the promotion of the healing of Boundl caused 

by the placement of natural or synthetic substrata ' 

art frcral vessels, intraocular contact lenses, hip 
rep acement implants, nerve guides and the like, where 

3 «U adhesion is an important factor in the 
of the synthetic implant by normal host tissue. 

As described in U.S. patent No. 4,573,079 
medical devices can be designed making use of these 
polypeptides to attract cells to the surface in vivo or 

• even to promote the growing of a desired cellTypT" 



on a 
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particular surface prior to grafting. An example of 
such an approach is the induction of endothelial cell 
growth on a prosthetic device such as a blood vessel or 
vascular graft, which is generally woven or knitted 
5 from a synthetic resin such as nitrocellulose, expanded 
polytetrafluoroethylene or polyester fiber, particular- 
ly Dacron (polyethylene terephthalate J fiber. 
Hydrogels such as polymethylolmethacrylamide (PMMA) can 
• also be used for implants in the body or for objects to 
10 be used in contact with mucous membranes such as con- 
tact lenses. See U.S. Patent No. 3,966,902. 

Devices intended for cardiac insertion include 
temporary left ventricular assist devices, heart 
valves, intraortic balloon pumps and artificial hearts 
15 Such devices are preferably formed from synthetic 

resins such as polyether-type polyurethane elastomers 
(Cardiothane ' Kontron] or from vulcanized polyolefin 
rubbers (Hexsyn™, Goodyear). 

Most types of cells are attracted to fibronec- 
20 tin and to the present polypeptides, but endothelial 
cells, epithelial cells and fibroblastic cells in par- 
ticular are attracted to the present polypeptides. The 
latter point indicates the potential usefulness of 
these defined polypeptides in coating a patch graft or 
25 the like for aiding wound closure and healing following 
an accident or surgery. The coating and implantation ' 
of synthetic polymers may also assist in the regenera- 
tion of nerves following crush traumae, e.g., spinal 
cord injuries. 

30 In such cases > ^ may be advantageous to 

couple or bind the peptide to a biological molecule, 
such as collagen, a glycosaminoglycan or a proteogly- 
can. Collagens, proteoglycans and glycosaminoglycans 
are major components of connective tissues and basement 

35 membranes. In some cases, prosthetic devices formed 
entirely or in part from naturally-occurring mammalian 
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tissues instead of synthetic polymers are used. One 
example is the use of porcine heart valves to replace 
defective human heart valves. Such artificial valves 
can also comprise human dura matter or bovine pericar- 
5 dxum. Another example is the use of bovine arteries as 
vascular grafts. 

It may be useful to coat surfaces of these 
biological substrata with the present polypeptides, in 
. order to modify the cellular response, in vivo, thus 
10 improving the therapeutic outcome. This caTTe 
achieved by a variety of methods known to the art 
e.g., by direct binding of the polypeptides to the 
target surfaces based on the affinities described here- 

15 tT H Ve ' " ^ C ° Valentl * bond -3 the polypeptides 
15 to the substrate using various crosslinking reactions 
or reagents. For a review of the use of synthetic 
resins and biomaterials in prosthetic device see 
Chem. & Ena . news (April 14? ^ afc ^ ^ 

disclosure of which is incorporated by reference 
20 herein. 

It is also indicative of their value in coat- 
ing surfaces of a prosthetic device which is intended 
to serve as a temporary or semipermanent entry into the 
body e.g., into a blood vessel or into the peritoneal 
25 cavity, sometimes referred to as a percutaneous device 
Such devices include catheters, and controlled drug ' ' 
delivery reservoirs or infusion pumps. 

used t ftlS °: P ° lyPePtideS ' I and u, can be 

30 11 I """th.!!.!, fibroblast or epltheUal 

cell adhesion to naturally occurring or artificial 
su strata intended for use in vitro. For exampie, a 

culture substratum such as the wells „f • \. 

, , wexis of a microtiter 

Plate or the medium contacting surface of microporous 
fiber, or beads, can be coated with the cell-attachment 
35 polypeptides. This can obviate the use of fibronect n 
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in the medium, thus providing better defined conditions 
for the culture as well as better reproducibility. 

As one example of commercial use of cell- 
attachment surfaces, Cytodex particles, manufactured by 
Pharmacia, are coated with gelatin, making it possible 
to grow the same number of adherent cells in a much 
smaller volume of medium than would be possible in 
dishes. The activity of- these beads is generally 
dependent upon the use of fibronectin in the growth 
medium and the present polypeptides are expected to 
provide an improved, chemically-defined coating for 
such purposes. Other surfaces or materials may be 
coated to enhance attachment, such as glass, agarose 
synthetic resins or long-chain polysaccharides. 

The invention has been described with 
reference to various specific and preferred embodiments 
and techniques. However, it should be understood that 
many variations and modifications may be made while 
remaining within the spirit and scope of the invention 
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WHAT IS CLflTMPn T g. 



1. A composition consisting essentially of a polypep- 

— fM . th . group \r 

tyr.glu-l y s-pro. g i y -ser- P r 0 -pro. arg . glu . val . val . 
pro-arg-pro-arg-pro-gly-val, 

lys-asn asn- g in-l ys . ser . glu . pro . leu .. le _ a 
lys-lys-thr-asp-giu-ieu, 

lys-asn-asn-gln-ly S -ser- g iu- P ro-leu-il e - gly . arg . 
lys-lys-thr, y 

leu-ile-gly-arg-iys-iys-thr, 

tyr-arg-val-arg-val- thr . pro . lys _ glu . h 
pro-met-lys-glu, 

ser-pro-pro-arg-arg-ala-arg-val-thr, 

trp-gm-pro-pro-arg-ala-arg-iie, and mixturss 
thereof. 

2. A prosthetic device designed fcr placement in vivo 
coursing a .urfe. coated „ith . co-poml^: 
"Sting essentiaiiy of a polypeptide of the form- 
ula selected from the group consisting of, 

tyr-glu-i ys -p ro _g ly . ser _ pro _ pro _ arg _ giu _ vai __ vai _ 
pro-arg-pro-arg-pro-gly-val, 

!»»-«n-*.n-gl„. ly ,_,„_ fllu _ pro . gly 
lys-lys-thr-asp-giu-l BU , 
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lys-asn-asn-gln-lys-ser-glu-pro-leu-ile-gly-arg- 
lys-lys-thr, 

leu-ile-gly-arg-lys-lys-thr, 

tyr-arg-val-arg-val-thr-pro-lys-glu-lys-thr-gly- 
pro-met-lys-glu, 

ser-pro-pro-arg-arg-ala-arg-val-thr, 

trp-gln-pro-pro-arg-ala-arg-ile, and mixtures 
thereof. 

3. The prosthetic device of claim 2, wherein said sur- 
face constitutes a portion of a vascular graft. 

■ A. The prosthetic device of claim 2, wherein said sur- 
face constitutes a portion of an intraocular con- 
tact lens, 

5. The prosthetic device of claim 2 , wherein said sur- 
face constitutes a portion of a heart valve. 

6. The prosthetic device of claim 2, wherein said sur- 
face constitutes a portion of a hip replacement 
implant . 

7. The prosthetic device of claim 2, wherein said sur- 
face constitutes a portion of a percutaneous 
device. 

8. A prosthetic device of claim 2 wherein said surface 
is made of a synthetic resin. 

9. A prosthetic device in accordance with claim 8 
wherein said synthetic resin is selected from the 
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p.; y " :«„ p yt,tr ' fiuoro,thyiM '' »- 

10. A prosthetic device of claim 2 „ heIeln su 
« "ade of a naturally-occurring tissue. 

11. A cell culture substrate having a surface coated 
«th a composition consisting essentialiy of a 
polypeptide of the formula, 

tyr- gl u-i y s- Dro _ gly . ser _ pro _ pro 
pro-arg-pro-arg-pro-gly-val, 

lys-asn-asn-gln- lys . set . gXu 0 , 
lys-lys-thr-asp-gi u .i eUi 9 V " 9 " 

lys-asn-asn-gin-lvs-qpr n i„'» 

lys-lys-thr, 9-Ly-arg- 
leu-ile-gly-arg-ly S . lys . thr> 

tyr-arg-val-arg-val-thr-pro-lys-glu-lys-thr alv 
pro-met-lys-giu, tnr-gly- 

ser-pro-pro-arg- arg . ala . arg _ val ^ thrt 

trp-gin-pro-pro-arn-aia arn , , 
- thereof. 9 ala " ar9 - lle > and .ixtures 

12. The cell culture substrate of claim i, wh • 
3-face is made of a sy^;^ 1 Whe — «« 

13. The cell-culture substrate of claim n h • 
surface constitutes a portion o f a ^ 
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14. The cell culture medium of claim n wherein said 
surface constitutes a portion of a microporous 
fiber. 

15. The cell culture medium of claim ll wherein said 
surface constitutes the wells of a microtiter 
plate. 
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FIG. 6 




200 



peptide ug/ml 



1000 



FIG. 7 



m % bd- I 
m % bd: I la 
□ % bd: III 
M % bd : IV 
Si % bd: V 



100 

# CNS 
Neurons with 
Neurites . 




BSA 33 K 

Substratum 



1 1 a 



CNS Neurons 
PNS Neurons 



SIHKTITHTF WFFT 



WO 89/01942 



PCT/US88/02913 



5/6 

FIG. 8 
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